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(54) NONAQUEOUS ELECTROLYTE SECONDARY CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte secondary cell with improved 
service capacity without lowering charging and discharging cycle, in comparison with conventional 
nonaqueous secondary cell using carbon as anode material. 

SOLUTION: The nonaqueous electrolyte secondary cell is made of compound particles with the 
structure that the whole or partial area surrounding core particles of solid phase A, composed of at 
least one element out of Si, Sn or Zn, is covered by a solid phase B. here, the solid phase B is 
composed of solid solution or intermetallic compound of one of Si. Sn, Zn composing the solid 
phase A. and an element chosen from group 2 elements, transition elements, or group 12. 13, and 
14 elements of periodic table (except the elements constituting the solid phase A and carbon). The 
compound particles include 1-50 weight % of ceramics. 
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rc{i>rj.< th—m<D7tM (fib, HffiAwPfigTc^^ck 10 

[iS*JS2] -fe5S->i7X*i, SiC , Si3N4 > AI2O 
3 , TiC . TiB2. Y2O3, ZrB2. HfB2. Zr02. ZnO . WC, 

W2C j:otji^mii^'im\tnrz^j>u<th—m&.±-v$> 

[0 0 0 1] 
[0 0 0 2] 

0, m^e^w^-y ^'7-^7*»e)fflfi;bfcS^^i?¥^E■r 
[0 0 0 3] -f-^T. 'J^-J-A^Mtr^J^SftSW^^i: 



|||SCDgi^$a«372inAh/g (LiCe tL-T) (cT^-f. L 
i^S¥f*©SOT$»©10^i-© 1 gSi:'>^j:t^©T. U 

[0 0 0 4] K^tJin«*g**^sfi:LT, U^'i'A.h^t; 

c.nTt^'S. «RJX«, ■^-r^(Si) (*E#lf3,?69,139 
, XX (Sn) (*ffl!t*rF4,436.796 ^) . MSi(Zn)(D 

U5"':7A^efc^<^tj{t;^ii;©fflfi£^tt> "tn^ixu 

22Si5 . Li22Sn5 . LiZnT*D, Cl®^k"&i^lC:fettSfiJ 

tt. ■?-n-en4199 mAh/g, 993 mAh/g . 410 mAh/g "efe 

[0 0 0 5] Sfc. U^'i7Ai:fb-&'^^J^fi)c-r^#ft^C0 

bT. !t#M¥4 -126371^, !|#M¥7 -29602 ^, 

^7 -240201-^. 4#g§¥8 -153517^&iiffi(C«M^5c; 

*ail:%^ci:A^e>;^cC-2)^MrBl^t:-&t;*^. !t#W¥ 9 -6365 

F2^. ZnS m. AlLiSiSroi/^Ttld^d^^^^t^MSI^^*^ 

^*$nTt^€). #M¥io-294ii2-^ii«(' 
$n. $e.(riHFW¥ii- 86853 ^iiffitc, ^sraik^!^ 

ffl •& d f 55itlll ^ nx 5 , 
[0 0 0 6] 

oW^mtf^iz^ <U^fzib^ ^mz:k^um^-PM.mi 

4b. m'i'iimmit-ri>rz^t^^inr<^^^o 
ic. z.<r>WLmitLrzm.^miz^mi}^^i:'> mf^Rm^y 
h'7-i7-f)^^m-^n. m%it^W)URit^zm^T^tj.i,-> 
m^-f)<mm-r^^th. %tkm^m(of&T\z^^r^t 

«-tt--f jwwttTi^s * X * s t ffi^ $ n i> . 

[0 0 0 7] -yj. ±aibfc{k^i^si<oftS«f4x«. 

#gfl¥7 -240201^ii^lC^f;$n>5:a^7C^a 
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® t it » L T5teiscsit< i7 tteJcg ^ tiT i s 

[0 0 0 8] it#M¥9 -63651 ^'j^Wz^-^tlft 

2o-y-'r i7 ju^tr tt«j»i«g©7o%iBS ta[Sgffi*i«'> 

[0 0 0 9] *<*:«isft-e<Dife)Sr»m^«^t«:ffll;^fc. 
0ij7L«i|#M¥4 -12637mii«-^#B8¥7 -29602 

**««/ejKta[«Ri&-r«>i^H*^*#ffi-r^)/t«6. z.o^ 

it#M¥ 8 -153517^iiffif2«©t^^eftt. ^ 

[0 0 11] sfc. m^^mTtmuiUzMt^mmm 
7zm(nitm^^<\^fzi±'j!^^m^rmn}^i-mibn so 

iNJH¥i0-294ll2^iiffil2iKcDt^14«> «S 
T ©fti? (c *5 rm^** #4 ^SPslfb^!^ ol« ^ S> s 

it^mtmy^r. ^mr^^it-^mtjiaoi^mizji^mm 

[0 0 12] i^M^n -86853 ^^^Wi\Z^•^ tltztm 40 

\t. I^^^SO 3 B~ 5 Bl^ (13~I5]^) 

7t:^^^*> A^-p*^*^m^±2ffit^±€:^t;StTT«^ 

2ffilil±IC-r^-<i:T. ^S^mtCff 

t,i^t)(D<h#A'E>n-5;^^. *JS0iJICS^$n^c 1 -100 "It 

[0 0 13] &.±izmmLrz^oiz. m.&Mmit^nx so 



ti-&MSi^ft@tt^<t 0SC«^»*^S5<. *^-r)300 tJ-f 
[0 0 14] 

[wkm^m^-r^tztfxD^^] :^mmiz^rnt. siba 

i^tzm-^u^Fn^^u^nm^A^-stsAm^m^tz^^yii 
mmn-Ammx-s^-DX. mtim^Ait^-im. xx, 

-rnn^t. mm^<D2m.7tm, ii^Tc*. i2;K7c^, 13 
m7t%. ^^■a-\m5t*^r>t£.:^mfi^^m\tntz'>u< 

L%-m<njtm (fib, SffiAcOliJiETC^iSiZ/^^Sr 

ii<D^mw^tz\t.^m,fSivc'^m'^fbU^^ -5-bT 
■t^i^y\^m.mm.-'^9M\z^'DX, yLUwrn^^m^-t^ 
[0 0 15] :^%mxm\'^^wiW^'^^^ti^^ts.^n.m 

itmx\^. ffi^S^CD@ffiA*^*ii5^»$:-^X. SffiB*^ 

■t7 5 y i7Xi:bT«, SiC , Si3N4 , Al203« TiC , T 
iB2. Y2O3, ZrB2, HfB2. Zr02. ZnO , WC, W2C ^ifi^ 
If 6.n-5>. 
[0 0 16] 

^i^(D^m • mm'^'slm.ts.lEmt^m.'^m^fz^|^■^m.m 
m.-An.mzmT^, i$-%m<o^-^m.mn—'An.fi^x 
«, ^mffl. wi^A(ow.n.=f-<r>mm<r>±m^tz\t-w. 

Sr. @*SB(CJ;oT»SbfcS'&S?*^e.^J:^>ftffi**'^ 

[0 0 17] c:C)^^fei?W@fflA«. ^r-f*. XX. 
M»©'>!^£< tt)-a*«^7C^i:bT^*-, SfflB 

«. H+iAf^^figTC^TfeS^r-f XX. MSX^t^-f 

Ttm^ i6^mm7tm^<ot£^mt^<i>m\tntz'M£< t. 
^~m(D7tm (fib. @fflA(o«fi)E7t^*3<kt)fM^*M? 
0 L<nmm^'^tz\t^m,f<s[{t'^mi}-^hu^<. -cds^ 
A<Dse^(D^ffi^@ffiBT-ffi[gb^c«-&iK^t*. ^e- 

<. $)-5ti«HiaAi:@ffiBWp5tUC^*nT^>Tt>J; 



[0 0 1 81 *5!§«lcfflt»2)Clt7>tT#S-fe75<y ^7X 
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tLT«, SiC . Si3N4 . AI2O3 . TiC . TiB2. Y2O3. 

ZrB2. HfB2. Zr02. ZnO . WC. W2C 

[0 0 19] *^^TfflVi2)AS**^OBffiA«. 

;u#tt®ek»H«#bT43 0, HIS B ;§fn^'J^ 
[0 0 2 0] c:(Dj;^)(ciB5^at3tess:m-y--i'i7;n#iio 

n^tztb. moo i/)i'ii\^^-otzS'<(om^(D^wi.M 
[0 0 2 1] •y-'f i^;u*^^&+^ica:g-r-5ic«. 3ESt 

[0 0 2 2] *^BJT-«. ^7-;/i7jiM$:jlD$iJ-r^fc 
StSAA^'^7^c^<^giT<D^H©^ffi*fctt— g|5€:H 

[0 0 2 3] *5!BJfC*5tiTi'7 >i7jiffS:ffl)Sil-r«)g 
B<§BCDSgS^jS^^{b^1+?^j:('^J:-?. HftAO^^^ 
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6 

[0 0 2 4] *^B^-cffl^>-i>-t7 5 7i'7.-a*tlafe^ 

ft) . SiCSSft (tt#Th^-fXfe) . D-;i.m?& 

[0 0 2 5] tt'&fii^llleftt. )^ai(»5H@*SAi:SI+SB 
f)m\^-t^^o\zm^-r^. ?^^+lC^1SDtcHfflA;^)i^ 
mbfc«^fc«. cc9tfTm4Jjd*HffiA©^Si[?i:;rjr), 
-5-<D^eHH@fflBd<^*ie*Tffib, @ffiA*iHfflBTge 

*^b, @lSAd^^*^e.*faibfc«^Tt>. ^OiSx^ik-tfi 
mF¥-^Xibn\i. ^ttf3HffiAO:KSt^*^HtBBT«Eli 
$ nfc^^er?- ?r # :i <h *iT # . 
[0 0 2 6] dcD^tero^J^Trtt. ±ISc7)ffl^fe^ll1sf 

[0 0 2 7] li-rno^ftTfc, i^^s^cfSl;T. 

b b < \t.^mf^it'^fsa<r>m.m^%^ ^ t^^x 

[0 0 2 8] !8iJ(Z)*fetbT. *»5Ni^ifeft. 
TP'f >i^ft?St*0@ffiR)S€:fiJfflbT, •b.yS. yi^T. 

ffl A i: B ©WfieTcm ^Bf ^ W b CO i: 

J;0><*::i:^-'l'Ta'f>i^ffiTSK!fFBlS!iSb. ^ro^fiS; 

t»^ttix^jafi£75^ ibm^^mm^^tc \t^mmit-^<^<D 

[0 0 2 9] SiJCOfiSJtbT. @ffiAi:@fflB£0«p£7C* 

ft. D-;k%?^ft. iHitemsftfjifTH?^ • ^s^-&T 

*fc«@tiA<i:@ffiB<D«fiSE7t^«:Bf««) 

tk^Trl^bfct>«^f»*i^^ft. ;^ti=.ti)i7u^ y 

7 5-;/i7x*s^b. t»*«^ftT-«aaT^c:t-e-fe7 

IC. @taA<h@1BB<7)m^7C^$:Bf5£cDtt^T-ft-&bfc 

t)«i:-fc:7 5-;/i7;^srii^b. m^^f^mx'mm-§r ^ Z. 
tTfe^'^ns. c:oS«icjS'<;t|»*aiiSftS:?iJfflb 
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[0 0 3 0] Sfraib^Cck^JC, ±^^yi7X\t. StBA 

[0 0 3 1] :^mmzid{-f^^^^yi^(Dmn^mm'r^ lo 

^u\^^^^\zmmA:^^zj^y^rz\tmnB\^\zmmi^'r 
i^-\z^m^nri^^^Mt. ^«sm^®is^(SEM) , 
m^^^u-^xm-^^ ^ur-r^-i^- (epma)^^^ 
\^^xmmmmf)^'^mx-$>^ z, ^ e \tnm v 

[0 0 3 21 *5!HJTffl(.^^ir^^*;/i7X«. SiC , Si 
3N4 . AI2O3 . TiC . TiB2, Y2O3, ZrB2. HfBz. Zr02. 

zno . wc. W2C ^ou^m^^^m\tntz{i^u< hh-m 

[0 0 3 3] K^-^S^tC^* LT 1 S 

is,'^u^[^\zi^-\z»WL'^nrzLL 
m^+^izii^m-r^z.ti^^x^r. 5tsfe«it^^ju#tt 

(?) U ^ A ^^mx^U^-^^ "y^v^T. Ofi» 
[0 0 3 4] tt^)K^Rt;-fe^^^;/i:7X<7)JKS^iit#JcE 

«T^W*bv>o SeoT. -tr^^ ^yi:7XC0lS[Stt, 0.01 
Mma±. lOMme^TT^W^bi^^o 
[0 0 3 5] ±^Lfc-fe^^*;/i7X^^1t^S[^Srftffi 

\^^x%%\zn.w\^^ 7.v'}-mzt^o ccox^u-^ 
mMm^t.u^%nmz ^^^-zr]y- \^m^m\^^xm 

w ^ ^ wr ^ « s sij ^ ^ w T ^ M @ ig t# n ^ o 
[0 0 3 6] &Sffl^e^jfri> m^e«tt«*^T*n« 



mtLx^m-f^chifix^^. z.n^(DmnM(ouf}'^ 
x\ xmrnm. 7-\i^u>zf^yi;. mmmmm\zit^ 

^ y ^ x^^m<m^ARum^B s^\tm=¥'Bim^'S: 
m-r^fz^. mmm^w^mLUKxhmmtLxmm'^ 

[0 0 3 7] Mmmmmm\t. m^miSimm. mmt^ 
a^^(PFA) , :7^y{kb'xu5^>-^+-y-7;b:tDyD 

□ X^l^>*a'&#:, x5^U>-'r h^7;L':tPX-?^U 
>*a^ff (ETFE^Bg) . 7j^Ui:7nDhU:7;i.:tDX^ 

U-XPCTFE) , 77^y{bifxUx>-'<>a':7;i/:tnyD 
^a-^^*:, x^U'>-i:7DD h u 7;i'^Dx^u>fta 

^f^(ECTFE) , yyit\fzz^)^>-^^^y)U^U'fU 
t!U>-7^h^7;U:tnx^U>^ta^f*:> 7^;/{t;Hx 
U5^>-A-:7;i/:^a/^;i/b:x;i/X--7^;i/-T- h ^7 
;P:tox^l/>*a'&#:, x5^]/>-T^:7U;i.K*a^ 

i^hL<\t^m^^ -(7t>mmi^> X'^i/>-^3^^u 

x5"u>-/5'i5^ u;PK^^>'i-^^a^^feb<^^^ 

m^mnxum-^^tLxm^^^zLt^^x^^. 
[0 0 3 8] ;in^mm(o^x\ Mmm^mmtLx 

JiOff^Li^^Oift. x^U>7'37>;x>d'A. ^Uyy 
ft: ex ij X > (PVDF) . X^U>-Ti7U JUK*a^{*^ t> 

^^a^ft:t>b< fi^<7)Na+ -r:t>5iHi#:. X^U>-7 
^U;U^/^;U*a^<*^*3j::?^^ONa+ -C^>^mt^. 

UioU\zjz^u>-^^^^) ;i/m;<^ju*a'&#:t>b< 

[0 0 3 9] nmmmmi^tLxiit. mfS,^nrzmm\z 
^\,^xit^^it^isz.i^u^^m'¥-&mi^x&n\iipixh 
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com. y^Ji^is^ ^yh. nyf-y^^ntc^ 

[0 0 4 0] :$^^mmmmmm:z.:^mm\t. s*«ig 

tVX. ftffilS, iES<fi. -fe/ll^-^-, 

[0 0 4 1] iEffi*^5^^LTtl, U^-i^A^Wil^^S 
Kft:iK3^fflV>Se:<h:d^-r#^. CT;!^, Lix C0O2, Lix 20 
Ni02. Lix Mn02, Lix Coy Nii-y O2. Lix COy Mi-y Oz 

. Lix Nii-y My Oz . Lix Mna O4. Lix Mn2-y My O4 
MM=Na, Mg, Sc, Y, Mn, Fe. Co, Ni, Cu. Zn, Al. 
Cr, Pb, Sb, B(D{p^U< th—M. x = 0'-1.2 , y = 
0-0,9 , z= 2.0-2.3)^^^lf '^n^o ZZ.X\ ±fS 



[0 0 4 2] Z.<D^vUlEm^n<Dilff^^^mLT. M 

m\z^^^xm.mvrz<Dhmm<D$tn^^zs:fjmz^r)iE 
iEmfm(D^tkmmmzi5\.^xit^^it^isz.'^u\.^m 

'^)\,^^y^m(nti-it-y^yyom\^nmm. 
mmuE<r>^m.'&mm\yv\'ci^-it^y> tji^:^o 

^ ; Tfo)y x.-\yymmwt^^<D^mmmmmf^^ 
^mm\zti\.xi--'^m^%ti^^^\^<> 4#ici-3o so 
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mm%ffi^^\^^^o -h-ifsy^ifyyy^VXML. 2 - 

\mm%(ommf)m\z^^\.\^K 

[0 0 4 3] iE@ffl^^»JchbT«, *®ffl^^9JtcP 

<ff $ L t^jEffiffl^«9J«:4^ U :7 »y ft b'r: 'J t^XPVDF) *5 

U T- h ^ y ;l/:t □ 1/ XPTFE) T ^ o 

[0 0 4 4] jEmm^nw\t.. m\^^^iEmmA(o%WLn 
mmzio\^^xit^mt^^&z,^u-^^n=i'BMWxs>n\i 

T)v^:z^oi^'^7.v-yu7^m<r)mM^tt-t-y^tz\%^ 
i^yx^m:\^fz^(otiE^m\i^^z.tffix€^. 

tih(DmA<r>^^^mt\yxm^^^zt.^x^^o s 
m^\t. ^\zm^^nui^^f)^. i-soo timf^m^ 

X$>^o 

[0 0 4 5] iE@<hftM(Di^Tncom@^^j{c^)> mm 
tf)^x^^o y^^-\t. m^^rirzmmz^\.^x. it 

i^^^n^o y ^ ^-(D^MM^trnzm^-^nu^^^^^. n 

[0 0 4 6] :^mMO)4^7i^mmnr.:^mm\z^n^^m 

^m'^Mmf)^w&Lx\^^^:ztf)^it^^Li^^o 
[0 0 4 7] 4^yi^mmn^'Amm\zm^^^i^7^mm» 
\t. i^^m\z\t. ^)^^Am^m^r^4^yi^mm\zmm^ 

yti-^^^-- hiEO. 7'neu>:^-4^^- h (PC). ^ 

a<Dm^ti-^>^- hm ; h (dm 

C). vx^;u;d-7p^^- h (DEC) . x^;Upc^;i.:^-4^ 
^^-h(EMC) . v-'^D t!;u;^-5t^^-- K(DPC) ^'ji.t'CDM 

>K;<f^;i^, :fDe^>®EX^JU;^ci:i:<^I&aSli^*;P3t^> 
Kxxx>'U^; r -^'^u'y^ hy^(Or -^^ hy 
m-, 1,2-5^^ h^^^v-X^XDME) . 1.2->^Xh^>' 
X^XDEE) , X h + '>X^ XEME) ^(DmiK 

X-7^;U^ ; 7^ t KD >'^>, 2-^^;UT-h^t 
\iay yym(Dm^:J^-'r)im. 
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[0 0 4 8] C:nec^^iKtC^»^ii:^U^'^A^<hL 
m7L\t. LiC104. LiBF4 > LiPFe . LiAlCU . Li 
SbFe. LiSCN , LiCl, LiCFaSOs, LiCF3C02, Li(CF3S02) 

2 , LiAsFe. LiN(CF3S02)2> LiBioClio ^ ^Wm^lkti 
;i/^>^U^'>^A, LiCK LiBr. Lil . ^□D/J^^>U 

[0 0 4 9] *^B^(c43tt^#tCjff ^Lt/^#*m^S 

#f*^j«<2:bTx^U>;t;-7p:?^-h<hx?;i.p^^ 
;l.*-7}f;^^h^^>?'ci:<(i:fc#^, ^^ifi^LTLiPFe 

^^'T'&ig^fif^. 4#tcK^^n;^ci:(/^^^\ 0.2-21001/1 
7>WSL<. 0.5-1.5 mol/I tT^ 31 .hT^^J: 0 » 

[0 0 5 0] lf*m«K-:*:m?&com«Ri:bT^d:, ± 

Utf'X^. Li4Si04 > Li4Si04-LiI-LiOH. xLi3P04- 
(l-x)Li4Si04. Li2SiS3 , Li3P04-Li2S-SiS2. ?Kt{l:U> 

[0 0 5 1 ] ism^Si!(Si#tt^5fc^r^a6^ 
hux5^;i/:7;tzy^r-r KUx^y-;ur 

SttX-7^;i/, X^U'>>?T^>. n-y^< 
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jfi. X5'U>^iJ n-^l^vTilz+Jl^X-T-jl/^Sr^frf ^ 
[0 0 5 2] *^0J<O**««R-:*m?filtrffl<^^^-b/^ 

l^>. :^Ux^l/>fj:^:^mffiX«m^^t:>-ti:fc^^>' 

0.01- 1 /xmO®fflir^C<h^^T#^o ir/t 

[0 0 5 3] ^^w^-m^^z. mmt^(^mmzmm't 

[0 0 5 4] *^0^o#7km»®-^mffi<^?^t^«. n 

v>:5;ich7i^^T^^^^. m^\tmzcn^\zmi^'^ri^t> 

[0 0 5 5] 

[^M«^J] UAT> mmm\Z^r):^^B^:^:^c^\zmi^<Wi 

mf^o fzfzv. :^mm\tz,n^(Dmmm\zm^'^n^ 

[0 0 5 6] 

[mmm i ] nmm^(Dmm:^m 



[0 0 5 7] n.mm^om^^u'F^mfSi'r^m^Aii® 
\z. ^(D3mm%<Dm(0'\i'7^y^7.s\c ^sal. m 

m^$t)l -50/im, SiC 7&^*1}0.05-2 AtmT&ofco C 



3460177'2 ^\mm • iLk^m 4#M2001-243 



^^^^ 



(8) 
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30 MPaT-4^FBl3l^-y hyi/X^^bfc, 

[0 0 5 81 m^a«fiJS^^« 



14 

[0 0 5 9] 





HtaA 




(■C) 


m=F%) 


A 


Sn 


MgiSn 


204 


Sn : Hg=50 : 50 


B 


Sn 




513 


Sn : Fe=70 : 30 


c 


Sn 


MoSlla 

HI V C 


800 


Sn : Ua»70 : 30 


D 


Sn 


Zn. SnS^fl: 


199 


Sn : Zn=°90 : 10 


E 


Sn 




133 


Sn : Cd=95 : 5 


F 


Sn 


In. Sn@^^*^ 


224 


Sn : ln=98 : 2 


G 


Sn 


Sn. Pb@@^ 
HgtSi 


183 
946 


Sn : Pb=80 : 20 
Si : Ug=70 : 30 


H 


Si 


T 
1 


Si 


CoSi 2 


1259 


Si : : 15 


J 


Si 


NiSiz 


993 


Si : Ni=69 : 31 


K 


Si 




420 


Si : Zn=50 : 50 


L 


Si 


Si.Al@S(* 


577 


Si : A!=40 : 60 


M 


Si 


Si.SnB^<* 


232 


Si : Sn=50 : 50 


N 


Zn 


MgtZni 1 


364 


Zn : Mg=92. 2 : 7. 8 


0 


Zn 




425 


Zn : Cu=97 : 3 


P 


Zn 


VZn.. 


420 . 


Zn : V =94 : 6 


Q 


Zn 




266 


Zn : Cd=50 : 50 


R 


Zn 




381 


Zn : Al=90 : 10 


S 


Zn 


Zn. Ge@^{$ 


394 


Zn : Ge=97 : 3 



[0 0 6 0] F]^mmm(Dmyt:^& 



8 \tmw) >^xm^m4(D±y^\z^n'enm^f 

ibtiX\r^^. 

[0 0 6 1] mmdr-x\zmmmmm^^xi-> 
^m^^xmm^^j^f&'f^o z(Dh^. ^^^^i*pig 

mmmm±m'FtLx. t^L-x. /^^ ptc m 
MMtvx. mm^-:^^zm&^An^yj&^ HT.'ry 
(Dm^:f5^^nm'^^z.tii)^x^^o ^tz. ^m^^zm 

^^^^m(^^$>^^^^^^Mn<D^\z^^'^^z.Lti^x 

|^JE<&±tf^ft;^iKl<hLTfriLi2C03^ LiHCOa, Na 



34601772 • iifll^iJ #182001-243 



(9) 



IS 



2CO3. NaHCOs. CaCOs . MgCOa f3.ii<r>mWt^Uii*^&if 
[0 0 6 2] ^yy-:^. 



[0 0 6 3] ftS«6«. ±-C#fcHfIfS*S***475K« 
[0 0 6 4] iE@«5«, aA-jPhK>J5^>^Aj» 

*85ga%tr«b. smsijom«*»*io«s%<!:^a^j 

OjJ?'J7 .y{bb':zij 7'>»ji 5 b. cm?. 

Srltt* N - ;< 5" JUt: P U y > I' 5 -a-TX 7 U - * 
fPiSb, 7;P5?g*^e>Jii*iE@*«#:±tCil*b. ^J* 
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^, EEJlbTfPSSbfc. 

[0 0 6 5] mmmmmtvnt. x^u>ti-n'^^- 

miZ. LiPFe <£:1.5 mol/l OiftST ^»bT^lit^SK€: 

[0 0 6 6] Ji(,±©<t^'»CbT. «I(C^-rtt^A~S 
Srft@***4tbTfflVifc«fl&A~S?:f^Sbyi. fP»b 
fcn®a!«?&«ittll8 mm , S5$65 mm TfeS. cm?) 
<D«fl6*100 mA©5e«SiET4. 1 V fc;/S:-5$T*Sbfc 
100 niAO^IliJit1r2. 0 V iC^i^ * T*!(«1"'i>3ftK* 

•y-i'i';u«riKiO)ib/t. ci©3£»tt«20"c«fiia«««t' 

I', ftS«m^llSiT-$>-5iS^Ox-:5'fe«2tC^-r, 
[0 0 6 7] 
[|g2l 





mil 


BfflA 




& (nAh] 


300 ^^na 


m (.%) 




A 


Sn 




1799 


1313 


73 




B 


Sn 


FeSni 


1791 


1254 


70 




c 


Sn 


UoSn: 


1775 


1189 


67 




D 


Sn 


Zn, Sn@^^ 


1780 


1299 


73 




E 


Sn 


Cd. snmmi^ 


1802 


1369 


76 




F 


Sn 


In. SnQISi^ 


1788 


1359 


7S 




G 


Sn 




1798 


1313 


73 




H 


Si 


MgtSi 


1880 


1372 


73 


•mm 1 


I 


Si 


CaSi t 


1864 


1305 


70 




J 


Si 


NiSit 


1897 


1442 


76 




K 


Si 


Si.ZnS5g*t 


1892 


1381 


73 




L 


Si 




1911 


1281 


67 


«i^M 


M 


Si 




1904 


1390 


73 




N 


Zn 


UgtZni 1 


1863 


1416 


76 




0 


Zn 


Cu. Zn@^(^ 


1869 


1364 


73 




P 


Zn 


VZn,. 


1827 


1279 


70 




Q 


Zn 


Zn.Cdlii^fli: 


1836 


1340 


73 




R 


Zn 


Zn,Ai@S# 


1873 


1367 


73 




S 


Zn 


Zn. GeB%{^ 


1833 


1283 


70 










1510 


1147 


76 



[0 0 6 8] :^ftm<onmm^^m^^rzm^AA^'bmi& 
s<D3oo i7 )is<DWLn^m\t. mm^^m^^mizm 



50 



[0 0 6 9] :^Mmm-^m\'^tc^mm^^m^r^7t* 

tt, HfflA7><SnW«^, 2S67cm<i:bTMg. M^TCmt 



.3460'l7Y2 3\mm- 4>»C»J 200 1-243 



(10) 



17. 



2 057t5!Si:LTMg. S^TcSSi: LTCo 

2Sl5t5^tbTMg, S»7C5?ltUTCu:feJ;tKV, 12S57C 
^i:LTCd, laSlTC^iiLTAK 14:^7C^i: LTGe<&ffl 

[0 0 7 0] nm^n<r>m0i7tm<Di±s<^itm\z-:>\,^T 
fctti^«»s««-r J: p tt.^m\zun\i£^ < , ttj^^^-sa 

O. C, N, S. Ca, Mg. AK Fe. W, V. Ti, C 
u, Cr. Co, P«®7C9!S*«»fi?¥SEbT^>Sli^t)-&S 

O, C. N. S, Ca, Mg, Al, Fe, W, V, Ti, Cu, C 
r, Co, PtS©7C^A«««#fiEbTl.i^«^'b^Sn 
■5, 

CO 0 7 1] *|ISECSJTtt-fe7 5-yi7Xi:bTSiC Srffl 
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SiC fCf^;S.T, Si3N4 , AI2O3 « TiC . TiB2. Y2O3. Zr 
B2. HfB2, Zr02. ZnO , WC. W2C ^mk>tz-mm<D±. 

[0 0 7 2] *^ffi{H|TfflV^fc-t!:5 5 -^i/XCDiff^bli 

sffiA&y^sfflB35^^>yi5)«-&«tT©gig(cfe 

n-t^tfi^ mSlbfcieHrtT-«O.0lMm!^±, 10m m£A 
[0 0 7 3] 

(*i6S0iJ2] «ifi0ijl <i:(l«l©::&ftT% SISASt^CDJl 
H ©^ffi ^ tt-aP*^ Hffi B i o Tffiffi $ tlT*3 0 . 

•fe7S-;/i7:^tt@fflAS.(y^@taBA^?. tc 

[0 0 7 4] «3C*:flig^JTfflViAc-ir7S-vi'XWa 

iDMM^^a, 300 ^-i^jiBommmm.. wm<D 
mm^m\z^-ti>m -^-f jisonm^&<Dit mm 

m\Z, SffiAiiUTSi, llffiBi:UTttNiSi2 , SfflA 

i@+iBc73mfig7C^<73f±ji^it^5rSi : Ni = 69 : 3111^ 

[0 0 7 5] 
[^3] 







(oAh) 




^ (%) 




SiC 


1897 


1412 


76 




Si,N4 


1901 


1464 


77 




AI.O> 


1904 


1428 


75 




TiC 


1911 


1452 


7B 




7t, 


1908 


1450 


75 


m^f 




1910 


1433 


75 




ZrB. 


1916 


1456 


75 




lifBi 


1924 


1462 


75 


Mfk i 


2rO, 


1913 


1435 


75 


■Srfe j 


ZnO 


1912 


1434 


75 




WC 


1931 


1468 


75 




If.C 


1930 


1467 


76 




SiC4Si,N« 


1900 


1463 


77 



[0 0 7 6] ^mM(Dnmim^m\^^rzmmaf)^^mi& 

(Dm^m(D^O\Z. ir^^ ^Xi:LTSiC , Si3N4 
AI2O3 , TiC , TiB2, Y2O3. ZrB2. HfB2. Zr02. ZnO 



50 



[0 0 7 7] 
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(11) 
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[0 0 7 8] *4l;:*|li£0iJTfflOi/t-fe7 5 u/i^xi^^n 



20 

tLTSi, HfflB<i:LTttNiSi2 . -fe 7 5 i^T. i: LT 
SiC 

(0 0 7 9] 

[«4] 



£^ 


Si:Ni atX 


& <»fi%) 




3OO?^H0 
ec«JeJl(»Ah) 


m (« 




69:31 
69: 31 


1 


1961 


1451 


74 




10 


1823 


1422 


78 




74; 26 


50 


1372 


1152 


84 




69:31 


0.1 


196T 


1180 


60 




74 : 26 


70 


938 


m 


85 



[0 0 8 0] -7i7XcD^W«J!)^«^!e^t::^LT 

i7 7, ©-^WSd^lt -^^^^ tCi* L T 50® g % e X. mte 

[0 0 8 1] :^c*5. **SE««JTfflLifcftS«f4^1ifiK-r 

•V^7X<>:LTSiCSrffll^fe*^. -tr ^ 5 -y i7 7.(*SiC ICK 50 
5E$n§fcK)T';^j:<, SiC \ZK^X, Si3N4 . AI2O3 . 
TiC . TiB2> Y2O3. ZrB2, HfB2, Zr02, ZnO , WC. W2C 



jine>tsic *^?,s«nfc2a£i±<D-fe7 5'yi'xs:ffl 

[0 0 8 2] **Jg«iiJT-ffltifc:-fe^5 -y i^XWiff SLt.^ 
#-rs*i. g^L/c:®ffirtT«0.01wmt;±. 10/xm£^ 
[0 0 8 3] 

T. Sfm^s;ots<. ii^-o%wimm(oi^mmm'^miz^ 

[ElSroffl^T^tUiB^] 

[01] *iS0ij-t?fpKUfcn^i!©i«gtffl**«»®— 

[«F^«i5iB^] 

IsmflS-^-- X. iE®S. 6 ft«HS, 7 ■fe/tU'- 



346017/2 3mm • 'J>mm # M2001-24^|^ 

(12) ^^982 0 0 1 - 2 4 3 9 4 6 



mil 




(72) 

m)mmm m-M. »± 

AtfmiEii^mtt^Hi 1 # 8 ^ 

(72)f!W# lU* ffiS 



ft*miE«m^sBi 1 

(72)^B^# 51^1^ 

F^-A(##) 5H029 AJ03 AJ05 
AK18 ALOl 
AM04 AMOS 
BJ14 BJ27 
EJOl EJ05 
5H050 AA07 AA08 
CA07 CA08 
CBOl CB07 
DA03 DA09 
EA14 FA05 



#8^ tt^^SI 

AK03 AK05 AK16 
AL06 AL12 AMOS 
AM07 AM16 BJ02 
DJ08 DJ16 DI17 
EJ08 HJOl 
BA17 BA18 CA02 
CA09 CAll CA20 
CB08 CBll CB12 
DAI 2 EA02 EA12 
FA17 FA18 HAOl 



